Testing requirements in the earlier stages of system design is a necessary step in system development. Mobile 
Introduction
With the advancement of technology and ever increasing computing power of mobile devices, developed countries enjoy the mobile penetration rate that even exceeds 100% [1] . In fact, the computing power of modern mobile devices is greater than personal computers a few years ago that has enabled them to run many sophisticated software systems. Such capability has impelled mobile operators to seek for higher value-added services like Mobile TV in order to increase their revenue by taking advantage of mobile computing potential. Mobile TV is defined as real-time transmission of traditional TV content to mobile handsets [1] However, one of the downsides of mobile terminal device is its limited power supply, which obscures the prolonged use of power demanding services, such as Mobile TV's. This problem has stimulated search for suitable approaches to effectively deliver mobile video content. For instance, Wu et al. [2] proposed the design of a Cloud-based mobile social TV system where a surrogate in the IaaS (Infrastructure as a Service) is assigned to each user. Since the surrogate undertakes energy consuming operations such as transcoding, video download, and social exchanges on behalf of the user, it leads to considerable decrease of mobile device power consumption.
This paper reviews the cloud-based mobile social TV system and builds a Petri net [3] model of the system. CPN tools [4] is a software system that provides an environment in which we can efficiently edit, simulate, and analyze Petri nets. When dealing with complex system model, Petri net becomes too big to handle. Therefore, we propose to build a hierarchical colored Petri net. Furthermore, in order to investigate the response time of the system we implemented a timed Petri net.
Related Works

Mobile TV
The adoption model of mobile TV has been deeply discussed by Borges et al. [1] . Their research yielded a comprehensive and appropriate adoption model that integrates and synthesizes previous findings. Additionally, they established several hypotheses including the following: -Attitude towards Mobile TV is positively related to adoption intention of Mobile TV.
-The perceived value of mobile TV is positively related to attitude towards mobile TV adoption.
-Greater perceived information awareness is associated with greater perceived value of mobile TV.
These hypotheses gave a conclusion that further development of mobile TV is inevitable and its value will keep growing given the positive attitude towards its adoption. Therefore in order to further maintain and increase the mobile TV adoption, it is important to take advantage of new technologies and approaches to facilitate efficient service supply, which naturally will lead to positive end user experience. There have been numerous propositions for efficient application of mobile TV, among those are works of Wu et al., [2] , Zhang et al., [5] , Kim et al., [6] and others. The details on chosen works are given below. In order to facilitate the efficient use of mobile social TV, Wu et al. [2] introduced CloudMoV, a cloud-based mobile social TV. This system enables universal streaming and co-viewing with social exchange between users. Universal streaming allows users to stream a live or on-demand video from any video source. Co-viewing with social exchanges lets users invite multiple friends to watch the same video, and exchange messages during the viewing session. Figure 1 details the system architecture of CloudMoV. As can be seen from the graph, the surrogate represents a virtual machine instance and is created for each online mobile user in an IaaS. Each surrogate consists of a transcoder, a messenger, a reshaper, and a syncer. The transcoder encodes the video stream into the code format appropriate for the mobile device associated with the surrogate. The messenger links the mobile user and the social cloud. Its role is to accommodate social data exchange between the social cloud and mobile users. The reshaper transmits the encoded stream to the mobile user in a burst mode. It also controls the burst size to enable optimal battery power consumption of the With increasing number of services that enable real-time broadcasting and content sharing via PCs, smart TVs, and smart phones, users are demanding one-source multi-use (OSMU) services that allow them to use the same content anywhere at any time regardless of the receiving device type. OSMU services require a reliable certification system to enable content use with heterogeneous devices. Jang et al. [7] suggested a reliable interactive content delivery system architecture for effective transmission and management of OSMU services by means of heterogeneous devices in a convergence environment.
Internet Protocol Television called IPTV is defined as internet television service such as television, video, audio, text, graphics, and data delivered over IP based networks. IPTV provides so many channels and videos with different retrieval interfaces and content annotation, that it hinders effective search for a desired program. To address this problem, Kim et al [8] introduced a search and ranking algorithm that finds most relevant broadcasting programs related to the queried broadcasting program.
In addition to standard communication services, evolving capability of Internet technology enabled broadcast services for end users, which is gaining more and more popularity. And this in turn raises the issues of quality of user experience (QoE). The convergent services are normally provided in an end-to-end manner via multiple heterogeneous carriers' network. This raises a need for a quality-of-service (QoS) management plan on the interworking section between carriers because each carrier usually focuses on the QoS management within its own network boundaries only. This problem is addressed by Kim et al [9] ; he provided a policy direction for the QoS interworking and management among providers in South Korea.
Petri Net
Petri net is a bipartite graph where vertices are classified into places and transitions. Full definition is available in [3] . Petri net is easy to build and there are many mathematical methods to analyze Petri net. These features led to wide use of Petri net in computer science and engineering. Colored Petri net is a modified Petri net and it allows avoiding the explosive increment of the size of the Petri net.
Object oriented programming (OOP) identifies data and their related methods called "objects" of the system based on basic concerns, where "concern" is comprised of one or several functional and/or non-functional requirements. Then, OOP creates a coupling between core and cross-cutting concerns. As a complementary programming paradigm of OOP, aspect-oriented programming (AOP) allows the partition of cross-cutting concerns. Santhi et al [10] proposed a method that permits the user at the requirement phase to detect the interactions between cross-cutting concerns by means of colored Petri net.
Web services are self-contained modular software applications that are freely available in distributed form over the Internet. Making use of Web services, we can efficiently develop a new software system. Marakhimov et al. [11] proposed a framework for semantic Web service composition which allows constructing a Petri net model of interactions between Web services and building ontology representing the domain knowledge. It then facilitates combination of the Petri net models with ontology-based mediation. The interactions between the components of the CloudMoV can be presented by means of Petri net models as shown in Figure 3 . Due to the fact that many users are watching the same video and chatting to other users about the video, there is only one transition representing video stream. As can be seen from the graph, about k bytes of the video data reach the surrogate at certain time periods. The transition creates 2 tokens since there are two surrogates. The social cloud transition is an abstract transition. It has to be expanded to represent the process of collecting all social data.
The surrogate transition is also an abstract transition. Its structure is depicted in Figure  4 . It is comprised of four transitions representing the four components of the surrogate. The reshape transition is an abstract transition as well, and we have to expand it. This transition is very important because the purpose of the CloudMoV is to save battery power and the mobile terminal spends most of its power to receive video data.
CPN model
Internet TV streams out video content using the Internet Protocol (IP). Video stream arrives to a surrogate and delivered to the user after transcoded into the appropriate format to the user's mobile device. A CPN model representing this scenario is shown in Figure 5 . The video size (VS), the bandwidth of the telecommunication line (B), and the video playback rate (b) are assumed to be 500 mega, 5 mega, and 148 kilo bytes, respectively. Initially, we assigned VS to the "video" place. The main purpose of the CloudMoV is to minimize power consumption of the mobile device by adjusting the burst size. We initialize the burst size (S) to 500 mega. As it has been stated before, mobile devices consume battery power while they are communicating. The amount of power consumed by a mobile device is determined by the state of the device. There are three states: CELL_DCH (a dedicated physical channel is allocated to the mobile device in both uplink and the downlink), CELL_FACH (no dedicated channel is allocated but the mobile device is assigned a default common transport channel in the uplink), and IDLE [3] . The Now, we want to see how much battery power of mobile devices can be saved by adopting the burst transmission. If we do not use the burst transmission, then the mobile device has to stay in the CELL_DCH state while it plays back the video. Therefore, it will spend 33,783 power units if it does not use the burst transmission whereas it spends only 4278 power units if it uses the burst transmission as shown in Figure 9 . In the figure, it is assumed that the mobile device consumes 10/5/1 power units while it is in the CELL_DCH/CELL_FACH/IDLE state. When the mobile device uses the burst transmission, it consumes Pdch, or 10, power units while it is in the burst transmission and consumes Pidle, or 1, power unit while it plays back the video:
The token in User1 place tells that the delay time for the video to arrive at the mobile device is 100 time units when the burst size is 500 mega. This implies that the user has to wait for 100 time units before watching the video. In order to shorten the response time, we have to make the burst size small. When the burst size is 10 megabytes and the bandwidth is 5 megabytes, the response time is 2 time units. However, the amount of consumed power increases as the burst size decreases because of the overhead power needed for state transition from the IDLE state to the CELL_DCH state and vice versa. When the burst size is 10 megabytes, Pdch is 10 power units, and the overhead power is 30 power units, the amount of power consumed by the mobile device increases to 5750 power units as shown in Figure 10 . The ideal first burst size is 11 megabytes because it makes the response time be 2 time units. Since the play rate, or b, is 148K, the mobile device can stay in the idle state for about 67 time units. Since the bandwidth is 5 megabytes, the mobile device can download 5*67=335 megabytes while the user is watching the first burst. Considering transmission delay, we make the size of the second burst 250 megabytes. Then, the response time is 2 time units and the amount of consumed power is 4367 power units as shown in Figure 11 .
Users may quit watching the video in the middle and try another one. Then, the mobile device has to discard the downloaded video and start to download another one. Supposing that the probability of quitting within the first 2 time units is 50%, we modified the net as shown in Figure 12 . The function Ok returns True when Copyright ⓒ 2015 SERSC r1<=s1, where r1 is a random integer between 1 and 10 inclusively and s1 can be SO, a constant, or 5, in this model. Therefore, the probability for the Ok function to return False is 50%. In CloudMoV, Reshaper is responsible to determine the size of bursts. Reshaper is modeled in the reshape page shown in Figure 13 . 
Conclusions
This paper presented CPN models of CloudMoV system focusing on the amount of battery power consumed by the mobile device while watching a video. In the CloudMoV system, the Reshaper component is responsible to control the burst si ze in order to minimize power consumption. Therefore, the presented CPN is also emphasized on the reshape page. In the model, all the parameter values are represented by constants. For example, video size is represented by the VS constant, the bandwidth is represented by the B constant, and so on. Therefore, we can simulate any real world video viewing scenario by assigning appropriate values to the constants.
The size of the first burst is closely related to the response time of the system. Therefore, it should be small. Even though the first burst is small, the mobile device can download a huge portion of the video while the user is watching the first burst. Therefore, the second burst can be very large. Consequently, the mobile device can download the whole remaining part of the video while the user is watching the second burst. So, the presented CPN model has only three transitions representing the burst transmission. We have to improve the presented CPN so that it can handle arbitrary number of burst transmissions.
